Plankton diversity, physical and chemical variables and chlorophyll a were analyzed in two shallow urban reservoirs with different trophic degrees on Pernambuco State, northeastern Brazil. High eutrophication levels were observed in Apipucos reservoir, while Prata reservoir was considered oligotrophic. Values reported for physical and chemical variables and chlorophyll a differed among the studied ecosystems. Richness and plankton diversity were higher in Apipucos reservoir especially for phytoplankton. The presence of potential toxic Cyanophyceae in both reservoirs reflects a problem mainly to Prata reservoir, which is used for public water supply. Differences were observed for some variables among sites of study in Apipucos reservoir, while the differences among strata were negligible in both reservoirs, reflecting the water column mixing by wind action. Rainfall regulated the temporal dynamics for the analyzed variables, with significant seasonal differences, mainly for the major of limnological variables in Apipucos reservoir. Plankton diversity was higher in Apipucos reservoir, especially to phytoplankton, showing that eutrophication and pollution can favor plankton diversity in tropical urban shallow reservoirs.
INTRODUCTION
The success of ecological studies in reservoirs depends on the evaluation of diversity, structure and dynamics of biological communities (Tundisi and MatsumuraTundisi 2008) , allied to physical and chemical characterization, since the interactions among these variables are directly linked to processes and patterns in freshwater reservoirs (Straskraba and Tundisi 2000) .
Plankton communities exhibit an essential role in biomass production and energy transfer in aquatic environments by including organisms of different trophic levels, from the base (phytoplankton) to consumers of high levels (zooplankton) of food web (Almeida et al. 2010) .
In freshwater, phytoplankton includes orga nisms from several groups, like Cyanophyta, Bacillariophyta, Chlorophyta and Euglenophyta, among others (Moura et al. 2007) . Concerning the zooplankton in reservoirs, this community is composed mainly by Rotifera and Crustacea (Cladocera and Copepoda); however, other organisms may appear in zooplankton samples, such as some species of Protists, Turbellaria and Insecta, which should be listed as occasional fauna and not as true plankton once they belong predominantly to benthic or periphytic habitats (Pennak 1978 , Almeida et al. 2010 ).
Plankton communities in each environment depend on adaptations to biotic and abiotic characteristics, including the trophic status, which is directly related to the diversity, abundance and distribution of plankton forms in the reservoirs (Galkovskaya and Mityanina 2005) . Changes in reservoirs' trophic status can cause serious damages to the system, especially when eutrophication occurs (Smith et al. 2006) , since this process interferes in the ecological balance and leads to changes in limnological (such as abrupt pH oscillation and increased toxic gases concentration) and biological (e.g. changes in organisms diversity) conditions (Khan and Ansari 2005) .
In the shallow lakes, despite the little volume of water per area, a complex of factors regulates the aquatic dynamics, which are represented in tropical regions especially by the rain and radiation (Talling 2001) . Aquatic vegetation has also a great importance in the shallow lakes by acting in ecological processes (Moss 1998). However, the knowledge on shallow tropical reservoirs is still scarce, mainly in the northeastern Brazil, where there are few published studies in these kinds of systems.
Thus, in the present work, the limnological and planktonic community characterization was performed in two shallow urban reservoirs with different trophic conditions, during a full hidrological cycle, in order to evaluate the influences of the nutritional status over the plankton diversity in such tropical environments. Our hypothesis is that plankton diversity differs among aquatic systems characterized by different nutritional conditions, being reduced in eutrophic reservoirs with high pollution input.
MATERIALS AND METHODS

STUDY AREA
This study was conducted in two shallow tropical urban reservoirs from Pernambuco State, northeastern Brazil, which are small and geographically closed (about 4 km far from each other). These water bodies comprise the main river basin in Pernambuco (Capibaribe) and differ on the use, surrounding area occupation, human impacts and water nutritional status. The regional hydrological cycle is characterized by a rainy (March to August) and a dry (September to February) season.
Prata reservoir is an oligotrophic ecosystem located at 08°00'28.5" S and 34°50'54. Apipucos reservoir is located at 8°01'14" S and 34°56'00" W, with 2.9 km 2 of area, 556,375 m 3 of average volume and 2.5 m of average depth (Neumann-Leitão et al. 1989) . It has been built for floods containment and recreation, consisting of two interconnected subsystems. The occurrence of freefloating macrophytes is expressive, represented mainly by Eichhornia crassipes (Mart.). For its historical, cultural and environmental values, this water body is considered an "Environmental Protection Area". However, the organic (untreated sewage release) and chemical (commercial and industrial effluents) pollution input is high, resulting in elevated eutrophication levels in this system.
SAMPLING STRATEGY AND LABORATORY ANALYSES
Water sampling was carried out monthly from March, 2008 to February, 2009 , always between 08:30 and PLANKTON AND LIMNOLOGICAL TRAITS IN SHALLOW TROPICAL RESERVOIRS 11:00h, using a 10-liter container and a 5 L Van Dorn bottle. All samples were obtained in duplicate.
In Prata reservoir one point of study was established. In Apipucos reservoir, two points of study were chosen, each one representing a reservoir' subsystem; point 1 (P1) was located in the pelagic region and point 2 (P2) in the littoral region. Samples were taken in surface and bottom layers, with the exception of P2 in Apipucos reservoir whose reduced depth limited water sampling to the surface layer. Climatological data were obtained from the ID 32568 Recife Station, Center for Weather Forecasting and Climate Studies, National Institute for Space Research, whose coverage includes both reservoirs. Data on physical and chemical variables of water were measured in situ using portable probes, except for pH, which was determined by a bench pot analyses in laboratory within three hours after sampling.
The euphotic zone extent was calculated by multiplying the Secchi disc's transparency value by the factor 2.7 (Esteves 1998). Chlorophyll a concentrations and the suspended solids were determined by Lawton et al. (1999) and the gravimetric method, respectively. Protocols proposed by Valderrama (1981) and Strickland and Parsons (1965) were used for phosphatic nutrients analysis. The trophic status was determined through the monthly average of surface chlorophyll a and total phosphorus values (Carlson 1977 modified by Toledo Jr 1990).
Phytoplankton was analyzed from a total of 100 mL-samples preserved with acetic Lugol under refrigeration. Subsamples were observed in 10 mLchambers using an inverted microscope Zeiss Axiovert 135M under 400x magnification after 24 hours of sedimentation (Utermöhl 1958) through counting in random fields (Uhelinger 1964) .
50 to 100 L and 20 to 40 L of water from Prata and Apipucos reservoirs were filtered through a 68 µm mesh net to collect the zooplankton. Samples were preserved with 4% formalin added to 6% glucose after organisms had been anesthetized with carbonated water. The analysis was performed under light Coleman microscopy model N200-T, SedgwickRafter chamber with 2 mL capacity and 100x magnification. The accompanying fauna, formed by occasional plankton taxa, was also described.
Specialized literature was used for the taxo nomic classification of planktonic organisms. The occurrence frequency of taxa was determined according to Dajoz (1983) . Diversity (Shannon 1948) and evenness (Pielou 1977) indices were calculated from total density data. Parametric (Tukey) and non-parametric (MannWhitney) tests were used to evaluate the differences in values found for variables that were analyzed concerning seasonality, sites and depths studied; differences were considered significant when p < 0.05.
RESULTS
CLIMATOLOGICAL AND LIMNOLOGICAL VARIABLES
For rainfall, mean values recorded during rainy (273.67 mm) and dry (97.22 mm) seasons were significantly different (Tukey: p = 0.003), while for other climatological variables no seasonal difference was detected. The air temperature ranged between 18 and 33°C, with 26.3°C average. The annual average values for relative humidity and wind speed were 78.3% and 4.6 m s -1 , respectively.
For water's abiotic variables and chlorophyll a, the data summary is showed in Table I . In Prata reservoir, the difference between both seasons was significant for depth (Tukey: p = 0.007), water temperature (Tukey: p = 0.001), dissolved oxygen concentration (Tukey: p = 0.003) and electrical conductivity (Tukey: p = 0.000), with the higher values being reported in the dry season. For turbidity, pH, total suspended solids, phosphate nutrients and chlorophyll a, seasonal differences were not significant, as observed for vertical variations of all described variables. The inorganic matter has always represented the majority of suspended solids, except for the bottom stratum in January. 
PLANKTON AND LIMNOLOGICAL TRAITS IN SHALLOW TROPICAL RESERVOIRS
In Apipucos reservoir, depth and transparency were lower at P2 compared to P1. The euphotic zone has always represented the entire water column. The annual average for water temperature was 28.4°C considering both study points, with no significant seasonal or spatial differences. For dissolved oxygen concentration (3.16 mg L -1 annual average, 34.9% saturation), higher levels were observed during the dry season in both P1 (Tukey: p = 0.0006) and P2 (Mann-Whitney: p = 0.0247), and for the surface in relation to the bottom at P1 (Tukey: p = 0.0308). For conductivity, higher values were recorded during the dry season in both points (MannWhitney: p = 0.000 in P1 and Tukey: p = 0.005 in P2). Average values of turbidity were significantly higher in P2 (Mann-Whitney: p = 0.009), especially during the rainy season (Tukey: p = 0.013).
The water pH ranged from acidic to neutral with little temporal and spatial oscillation. Values for total suspended solids in P1 were higher in the bottom stratum (Mann-Whitney: p = 0.020) and in the average for the dry season in both points as well (Mann-Whitney: p = 0.003, Tukey: p = 0.003).
Inorganic matter was higher than the organic one during the entire water cycle in both study points.
Total phosphorus (TP) (Tukey: p = 0.032) and total dissolved phosphorus (PTD) (Mann-Whitney: p = 0.001) values were significantly higher at P2. In P1, the values were significantly higher in the rainy season when compared with the dry season (MannWhitney: p = 0.037 for PT and p = 0.007 for PTD). For chlorophyll a, the average value recorded in P2 was twice that obtained in P1 (Mann-Whitney: p = 0.014), and higher values were observed during the dry season in both points (Tukey: p = 0.009 for P1 and p = 0.003 for P2).
TROPHIC STATUS
According to annual average values for the trophic status index (TSI), Prata reservoir was considered oligotrophic. However, the classification between mesotrophic and eutrophic was observed in some months due to the influence of total phosphorus (TP). Values found for the chlorophyll a index differed from those obtained for the TP index in this reservoir (Table II) was dominat in number of species in both reservoirs, represented mainly by the genus Scenedesmus and followed by Bacillariophyta in Prata and Bacillariophyta and Euglenophyta in Apipucos (Table III) . Most phytoplankton taxa (80.7%) was considered infrequent or sporadic in Prata reservoir, while for Apipucos reservoir the ratio of these categories of organisms was lower (60.0% in P1 and 46.6% in P2) ( Figure 1A) .
The average diversity in Prata reservoir was 2.07 bits ind -1 , less than the values obtained in Apipucos reservoir (3.32 bits ind -1 at P1 and 2.46 bits ind -1 at P2). Concerning evenness, the mean values recorded in Prata (0.76) and Apipucos reservoir P1 (0.80) were quite similar, while in Apipucos reservoir P2 the values were lower (mean 0.59). Differences among Apipucos reservoir's points were significant for both diversity and evenness (Mann-Whitney: p = 0.000). 
PLANKTON AND LIMNOLOGICAL TRAITS IN SHALLOW TROPICAL RESERVOIRS
For zooplankton, a total of 45 taxa was recorded in this study, with the higher richness in Apipucos (40 spp.) compared to Prata reservoir (35 spp.). Considering each point of study in Apipucos reservoir, the numbers of taxa was similar. Rotifera showed the highest richness compared to Crustacea (Table IV) , which was represented mainly by the genera Lecane (in the Prata reservoir) and Brachionus (in Prata and Apipucos reservoirs).
Most of the zooplankton taxa (91.4%) was classified as sporadic or infrequent in the Prata reservoir, the same occurring in Apipucos reservoir, but in smaller proportions (61.3% at P1 and 62.5% at P2) ( Figure 1B ). Rotifera and Copepoda occurred throughout the hydrologic cycle in both reservoirs, in contrast to Cladocera, which was absent in several samples, mainly at P2 in the Apipucos reservoir.
The average values of zooplankton diversity were lower in Prata reservoir (1.83 bits ind -1 ) compared to those found in Apipucos reservoir (2.43 and 2.44 bits ind -1 at points 1 and 2, respectively).
However, average evenness values were higher in Prata reservoir (0.80) compared to those found at points 1 (0.70) and 2 (0.69) in Apipucos reservoir. No seasonal or vertical differences were observed for diversity values in both reservoirs; however, the average equitability values in Prata reservoir differed significantly (Tukey: p = 0.002) between rainy (0.71) and dry (0.90) seasons. The accompanying fauna consisted of Alveolata (Arcella vulgaris Ehrenberg, 1830; Ballanium sp.; Centropyxis acureata (Ehrenberg, 1838); Didinium sp.; Difflugia sp. and Vorticella sp.), nematodes, mites, ostracods and insects (larvae and adults). Eleven taxa occurred in Prata reservoir, of which nine were also present in Apipucos reservoir. Centropyxis acureata (in both reservoirs), Difflugia sp. and Nematoda (in Prata reservoir) were the most frequent taxa. It is highlighted that individuals of Ostracoda and Nematoda, usually benthic organisms, were also found in surface samples in Prata reservoir.
DISCUSSION
In Apipucos reservoir, the similar values of trophic status determined by chlorophyll a and total phosphorus indices show the stability of the eutrophication process in this water body since, according to Moraes (2001) , total phosphorus acts as a causative agent of the process, while chlorophyll a is considered a response resulted from algal growth. On the other hand Prata reservoir, although being regarded as meso-to eutrophic in some months, presented chlorophyll a index values lower than those determined by the total phosphorus index, confirming the oligotrophic conditions of its waters.
Oligotrophic conditions in Prata reservoir caused greater transparency and higher dissolved oxygen concentrations, while in Apipucos reservoir, an eutrophic system in which phosphate nutrients are abundant, high values of conductivity, turbidity, total solids and chlorophyll a were observed, particularly at P2.
According to Garcés (1984) , dissolved oxygen concentrations in Prata reservoir is probably adequate for biota development in contrast to Apipucos reservoir, since aerobic communities require concentrations above 4 mg L -1 . It is suggested that macrophytes are among the factors directly related to oxygen dynamics in both reservoirs.
Submerged macrophytes are important components of reservoirs' metabolism, absorbing carbon dioxide through photosynthesis (Desmet et al. 2008 ) and serving as refuge for aquatic organisms (Genkai-Kato 2007). Concerning floating macrophytes, their development can cause problems by disease vectors dispersion (Kengne et al. 2003) and reduction in the oxygen levels by decomposition (Bianchini Jr et al. 2008) .
High temperature and intense solar radiation favored the growth of macrophytes in tropical ecosystems (Camargo and Esteves 1995) . Depending on the amount of plant detritus, decomposition may contribute to water nutrient enrichment and raise
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VIVIANE L.S. ALMEIDA , MARIA DA GRAÇA G. MELÃO and ARIADNE N. MOURA the oxygen demands for the oxidation of carbon and freeing of nutrients (Bianchini Jr et al. 2008) . High values for suspended solids (SS) in Apipucos reservoir must be related to low water transparency in this water body since, according to Malmaeus and Hakanson (2003) , SS have an influence in the Secchi disc depth. In relation to SS types, Wetzel (1993) stated that the predominance of inorganic carbon is common in aquatic ecosystems.
Biogenic turbidity, phosphate nutrients, chlorophyll a and conductivity are descriptive variables of eutrophication (Moraes 2001). Thus, higher values of these variables at P2 compared to P1 indicate a greater input or accumulation of pollution at this point in Apipucos reservoir.
For pH, the values were acid during the whole hydrological cycle in Prata reservoir, and the same occurs at some months in Apipucos reservoir. This result seems to be associated with the predominance of organic acids from decomposing macrophytes (Lima and Kobayashi 1988) . According to Moss (1998), low pH values affects the aquatic biota development, can lead to decline in productivity and may intensify eutrophication impacts by the solubilization of toxic elements.
Rainfall regulated temporal dynamics, leading to significant seasonal differences for several limnological variables especially in Apipucos reservoir. Rainfall is a key factor in the hydrological dynamics in northeastern Brazil, a region characterized by high temperatures and hydrological irregularity throughout the year.
The values for the most variables were significantly higher in the dry season, especially those related to eutrophication in Apipucos reservoir (see Table II ). This fact should be related to increased temperatures, macrophytes abundance and higher rates of organic matter decomposition. On the other hand, concentrations of phosphate nutrients were higher in the rainy season in this reservoir, showing the rain influence in carrying loads of allochthonous nutrients.
In contrast to seasonal differences, vertical homogeneity was detected for limnological variables in both reservoirs, except for dissolved oxygen concentrations and suspended solids in Apipucos reservoir. This homogeneity reflects the water column mix caused by the wind action, which is strong for the shallow systems (Moss 1998).
The euphotic zone extended throughout the water column, allowing light to reach the sediment in both reservoirs. According to Wetzel (1993) , tropical shallow lakes receive high incidence of solar radiation, and the euphotic zone can extend along the entire water column. This fact explains the similar values among vertical strata for chlorophyll a in Apipucos reservoir since there are no light restrictions for photosynthesis and phytoplankton may develop in the entire water column.
A higher richness for planktonic commu nities was observed in the eutrophic Apipucos reservoir, with a greater difference in the number of taxa for phytoplankton compared to zooplankton between both studied ecosystems. These results contrast with those described by some authors (eg. Wetzel 1993 , Pompeo 1999 . According to Pompeo (1999) , the biota may have high species richness, but reduced density of organisms in oligotrophic lakes. In contrast, regarding eutrophic water bodies, adverse conditions for most biota favor the presence of reduced number of tolerant species, which generally develop large population densities (Tundisi and Matsumura-Tundisi 2008) .
However, Pinto-Coelho et al. (1999) observed that while phytoplankton richness increases with eutrophication, zooplankton showed an analogous richness in Pampulha reservoir, similar to the results found in the present work. According to MatsumuraTundisi and Tundisi (2005) , high plankton richness in eutrophic reservoirs is explained by "intermediate disturbance hypothesis", in which horizontal gradients and vertical instability positively affect the planktonic richness and density, in spite of the eutrophication process. PLANKTON 
AND LIMNOLOGICAL TRAITS IN SHALLOW TROPICAL RESERVOIRS
The higher Chlorophyta richness observed in this study is common in continental waters of Brazil (Moura et al. 2007 ). This algal division was represented mostly by colonial organisms such as Desmodesmus, Pediastrum and Scenedesmus, the latter being the most diverse one.
Scenedesmus is a common and cosmopolitan genus of green algae that inhabits waters with different nutritional conditions (Bicudo and Menezes 2006) , occurring especially in shallow mixing reservoirs characterized by elevated organic matter input and low water transparency (Reynolds et al. 2002 , Padisák et al. 2009 ).
Despite the low richness for Cyanophyceae in both reservoirs, we emphasize the occurrence of potential toxic taxa among this group, like Geitlerinema amphibium, Lyngbya spp. and Oscillatoria sp. The presence of these taxa represents a problem due to their capacity to release toxins in the water, which may cause serious damages to human health (Calijuri et al. 2006) .
High temperatures, neutral to alkaline pH conditions, and elevated nutrient concentrations (Azevedo 1998) , as observed in Apipucos reservoir, favored the development of Cyanophyceae species. However, the presence of these organisms is a greater problem in Prata reservoir that despite the low nutritional status that limited algal growth, is used for public supply, which requires the monitoring of potential toxic Cyanophyceae density to avoid health problems in the population.
Concerning zooplankton, higher Rotifera richness is usually recorded in the Brazilian reservoirs (Neumann-Leitão et al. 1989) . Rotifers may occur in lakes with different trophic conditions (Matsumura-Tundisi and Tundisi 2005) and almost always dominate in eutrophic environments (Pontin e Langley 1993 , Nogueira 2001 . Specifically in shallow systems, these organisms can be favored by environmental disturbances, such as the reduction in dissolved oxygen concentrations (Berzins and Pejler 1989) .
The genus Brachionus is important to the zooplankton biodiversity in tropical freshwaters and represents most of the Rotifera richness in several water bodies (Almeida et al. 2006) . The occurrence of Brachionus calyciflorus anuraeiformis only for Apipucos reservoir shows the deterioration in water conditions by pollution (Neumann-Leitão et al. 1989 ) since this subespecies indicates low values for dissolved oxygen and high nutrient input.
Differences in the sporadic/infrequent taxa ratio between both studied reservoirs reflect the influence of the trophic status in plankton composition, with a higher population variation in oligotrophic systems and the frequent presence of tolerant species in eutrophic environments throughout the hydrological cycle.
Lower values for diversity were recorded in the Prata reservoir for both planktonic communities compared to Apipucos, corroborating the results found by Pinto-Coelho et al. (1999) in Pampulha reservoir. As observed in the present study, these authors detected a lower evenness for phytoplankton under more eutrophic conditions, while there was a minor variation for zooplankton.
In Apipucos reservoir point 2, lower values of diversity and evenness for both planktonic communities compared to point 1 were not expected, since this point is located in the littoral zone. According to Dajoz (1983) , the littoral zone of reservoirs shows more ecological niches and consequently higher biological diversity compared to the pelagic zone. Thus, we suggested that the deterioration of water quality at this point of study is a limiting factor to the occurrence of certain species, which consequently reduces the diversity.
Regarding the accompanying fauna, the occurrence of Ostracoda and Nematoda in the superficial layer of the water column in the Prata reservoir confirms the influence of winds in mixing events of water column in this environment, since these organisms normally inhabit lacustrine sediments. VIVIANE L.S. ALMEIDA , MARIA DA GRAÇA G. MELÃO and ARIADNE N. MOURA Concerning our hypothesis, the results confirmed that the nutritional status of aquatic systems influenced plankton diversity. However, in contrast to what we expected, the plankton diversity was higher in Apipucos reservoir, especially to phytoplankton, showing that eutrophication and pollution can favor plankton diversity in tropical urban shallow reservoirs as explained by the hypothesis of intermediate disturbance.
However, despite the increase of diversity, high eutrophication levels reflect the excess of nutrient discharges in urban water bodies caused mainly by the drift from marginal areas and domestic/industrial wastes (Carpenter et al. 1998 ). This enrichment leads to problems such as blooms of toxic algae, reduced oxygen and fish death, degrading the water quality and harming its uses by pollution. Although waters in Apipucos reservoir have not being used for drinking, it is important to maintain its minimal quality to ensure the ecological and social services of this natural resource.
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RESUMO
Diversidade planctônica, variáveis físicas e químicas e clorofila a foram analisadas em dois reservatórios urbanos rasos com diferentes graus de trofia, no estado de Pernambuco, nordeste do Brasil. Elevados níveis de eutrofização foram observados no reservatório de Apipucos, enquanto o reservatório do Prata foi considerado oligotrófico. Os valores registrados para as variáveis físicas e químicas e clorofila a diferiram entre os ecossistemas estudados. Riqueza e diversidade planctônicas foram mais elevadas no reservatório de Apipucos, principalmente para o fitoplâncton. A presença de cianobactérias potencialmente tóxicas em ambos os reservatórios reflete um problema, principalmente no reservatório do Prata, o qual é utilizado para abastecimento público. Diferenças espaciais foram observadas para algumas variáveis entre os pontos de estudo no reservatório de Apipucos, enquanto as diferenças entre as profundidades foram negligenciáveis em ambos os reservatórios, refletindo a mistura da coluna d'água pela ação do vento. A precipitação pluviométrica regulou a dinâmica temporal das variáveis analisadas, com diferenças sazonais significativas, principal mente para a maioria das variáveis limnológicas no reservatório de Apipucos. A diversidade planctônica foi maior no reservatório de Apipucos, revelando que a eutrofização e a poluição podem favorecer a diversidade planctônica em reservatórios tropicais urbanos rasos. Palavras-chave: nordeste do Brasil, fitoplâncton, estado trófico, zooplâncton. 
